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Tag team at the telomeres
I
t takes two crews of proteins to keep the telomeres in ﬁ  ne fettle, as 
Kim et al. show.
TRF1 and TRF2 are just two of the proteins that ensure that a cell’s 
telomeres remain long and structurally sound. Another protein, TIN2, links 
up with both molecules and with other proteins to form complexes that help 
maintain the telomeres. However, researchers weren’t sure whether TRF1 
and TRF2 worked together in the same complex.
When Kim et al. netted TIN2-containing complexes from nuclear extracts 
of human cells, they found that TRF1 and TRF2 usually separated. TRF1 turned 
up in what the scientists dubbed complex A, and TRF2 appeared in complex B. 
Further evidence that TRF1 and TRF2 go their own way came when the re-
searchers altered cells that produce normal TIN2 to also make either of two 
TIN2 mutants. One of the mutants, which can’t attach to TRF1 but can latch onto 
TRF2, bound to and broke up the B complexes. The second mutant, TIN2, 
which can’t hook onto TRF2 but can bind to TRF1, disrupted A complexes.
The work indicates that the A and B complexes perform different jobs. 
The tail of a telomere doubles over on itself, a process called capping. Com-
plex B appears to control capping, whereas complex A might help the telo-
mere keep in shape. However, the researchers say they still haven’t ruled out 
the possibility that the A and B complexes combine. The team also discovered 
that disrupting the B complex was lethal for cells missing the antitumor protein 
p53, which is absent from many cancer cells. That ﬁ  nding points to drugs that 
break up the complex as a possible treatment for cancer. 
Kim, S.-h., et al. 2008. J. Cell Biol. doi:10.1083/jcb.200710028.
Rac1 takes a trip
W
hether a cell is on the move or 
tangling with invading bacteria, 
the enzyme Rac1 is on the job. 
Michaelson et al. add another task to the hard-
working molecule’s resume. It shuttles into and 
out of the nucleus to help induce mitosis.
By reshaping the actin cytoskeleton, 
Rac1 prompts cells to crawl, polarize, or form 
adherens junctions with their neighbors. It 
also switches on genes and controls the activity 
of an antipathogen enzyme. Although re-
searchers had observed Rac1 in the nucleus 
when it was overexpressed, they thought that 
the enzyme exerted most of its effects from 
the cytoplasm.
But Michaelson et al. found that Rac1 
enters and departs from the nucleus at par-
ticular points in the cell cycle. The protein 
builds up in the nucleus during the G2 phase. 
By the next G1 phase, it’s back in the cyto-
plasm. Rac1’s entry into the nucleus promoted 
cell division, the team found. Conversely, a 
Rac1 variant that can’t access the nucleus 
hindered mitosis.
What directs Rac1 into the nucleus at G2 
isn’t clear. The team’s ﬁ  ndings suggest that to 
hold Rac1 in the cytoplasm, cells attach a prenyl 
lipid group to the protein’s tail. However, the 
researchers also showed that much of the Rac1 
that reaches the nucleus carries the prenyl 
group. The researchers speculate that a protein 
chaperone might cover up the lipid and allow 
Rac1 to make its move.
Why Rac1 enters the nucleus is also 
mysterious. It might arrive to activate some of 
the molecular machinery of mitosis. Alterna-
tively, cells could be exiling the protein from 
the cytoplasm because many of its functions, 
such as promoting junction formation and cell 
spreading, hamper division. 
Michaelson, D., et al. 2008. J. Cell Biol. 
doi:10.1083/jcb.200801047.
CENP-E goes fishing for microtubules
T
he fi  rst close-ups of a protein that’s crucial for lining up the chromo-
somes during mitosis have been snapped by Kim et al. Their work 
might clarify how chromosomes retain connections to the micro-
tubules that help move them around.
Microtubules attach to a mitotic chromosome at the kinetochore, a structure 
at the chromosome’s midsection. Kinetochores have to keep a grip on micro-
tubules that are lengthening and shortening, but scientists don’t understand how 
they do it. Kim et al. came up with a possible explanation while investigating the 
role of CENP-E, an essential microtubule motor that clings to the kinetochore.
CENP-E is tricky to purify, but Kim et al. isolated enough of the protein 
to scrutinize under the electron microscope. The images show that the pro-
tein contains two motors at the end of a long, springy strand. When the 
researchers tested the protein’s pulling ability, they found that it was 50 
times slower than any other molecular motor. However, CENP-E was 
sticky, sometimes hanging onto microtubules for more than 20 minutes.
The protein thus has fl  exibility, 
reach, and tenacity. These attributes, 
the authors suggest, allow CENP-E to 
anchor to the kinetochore with one 
end, while the other, motor-carrying 
end gropes around and grabs micro-
tubules. Once it’s gotten a grip, its 
ability to slide keeps the chromosome 
attached to the shrinking or lengthen-
ing microtubule. 
Kim, Y., et al. 2008. J. Cell Biol. 
doi:10.1083/jcb.200802189.
A stretched out CENP-E molecule sports 
two molecular motors (arrows).
Rac1 (white) is in the cytoplasm for G1 (left) but 
heads to the nucleus for G2 (right).